Background {#Sec1}
==========

Chlorinated organic compounds (COCs) otherwise known as organochlorine pesticides (OCPs) is one of the multi-arrays of hydrophobic organic compounds which have been produced in large quantity, and used for the control of weeds, termites, mosquitoes and other insects constituting nuisance in many part of the world for years (Ssebugere et al. [@CR47], [@CR48]). Pesticides are partitioned between air, water and soil during application or after application. Pesticides may also enter aquatic systems via atmospheric deposition, soil erosion and sewage runoff, industrial and agricultural runoff (Yang et al. [@CR56]). Concern about COCs is as a result of their lipophilic attributes, low susceptibility to biodegradation, chemical stability and persistence, bio-magnification and accumulation tendency in the food chain, long and wide range distribution and atmospheric transport in the environment and their potential negative impact to both aquatic habitat and humans (Basheer et al. [@CR8]).

Water is a major pathway through which pesticides are transported from area of primary application to other compartments within the environment, especially the aquatic system. COCs could spread into aquatic environments through runoffs from non-point soil source (Aly Salem et al. [@CR4]). Gilliom ([@CR18]) reported that pesticides; particularly those used for agriculture were often detected, and at highest concentrations in stream traversing agricultural area. Once in water, pesticides are further distributed between biotic and abiotic components, such as plants, fishes, benthic organism and sediments. Sediment is a matrix of materials which is comprised of detritus, inorganic and organic particles and is relatively herterogeneous in terms of physical, chemical and biological characteristics (Hakanson [@CR19]). Zheng et al. ([@CR57]) underscored roles of sediment as a secondary source of COCs in the environment due to its substantial retention capacity of the organic pollutants which might be re-emitting under favourable conditions into the ecosystem. Hence, it determines distribution and fate of COCs in aquatic environment. In the same vein, Brasher and Anthony ([@CR9]) regarded sediment as sink, removal agent and vehicle for a host of contaminants in marine environs. Consequently, stream's bed sediment of the study area could be more susceptible to high concentrations of COCs than its surrounding water body.

Occurrences of COCs in stream and sediment of different aquatic sample matrices were well documented in the literature (Ezemonye et al. [@CR15]; Williams [@CR54]; Olutona et al. [@CR39]). Trend over time showed that various samples of aquatic environment are still contaminated with COCs such as polychlorinated biphenyls (PCBs) and hexachlorobenzenes (HBCs) (Agunloye [@CR2]; Tongo [@CR51]; Ogunlowo [@CR33]; Nwankwoala and Osibanjo [@CR31]; Idowu et al. [@CR25]; Olutona et al. [@CR39]). Moreover, Ogunfowokan et al. ([@CR32]) reported varying levels of COCs in sediment, water and benthic-dwelling organism samples of some aquatic systems where highest concentration was found in fish (benthic-dwelling organism) and least concentration in water sample. They ascribed processes of bioaccumulation and biomagnification to be responsible for this scenario as COCs are not readily metabolized, excreted and greatly lipid soluble, thereby biomagnify up the food chain (Ritter et al. [@CR43]).

Despite the usage control legislation contained in the Pesticide Registration Regulation under Decree 15 of Federal Republic of Nigeria (FGN [@CR17]), the production and use of agrochemicals including aldrin, binapacryl, captafol, chlordane, chlordimeform, DDT, dieldrin, dinoseb, ethylene dichloride, heptachlor, lindane, parathion, toxaphene, endrin, merix endosulphan, delta HCH and ethylene oxide etc. is yet to be abated as a result of illegal usage. Thus, the presence of pesticides in the environment emanates probably from the previous illegal use of these pesticide groups. The risk of the contamination of water column and bed sediment of aquatic environment is therefore of great concern due to the potential exposure of benthic-dwelling organisms such as fish and other edible aquatic organisms to the arrays of contaminants which could be transferred through different heterotrophic levels once in the food chain.

According to Zoumis et al. ([@CR58]), various interactions which exist among sediment, water, and aquatic organisms in a bionetwork could be regarded as major routes through which man is exposed to COCs by consuming contaminated edible aquatic foods along food chain in an environment. Crisp et al. ([@CR12]) also noted that a low dose of COCs in man might adversely affect his health because most of the COCs are easily absorbed through digestive system and bioaccumulate in the fatty tissue, adipose tissue, brain and female breast milk. Long term exposure to COCs has been reported to cause damage to liver and kidney (Siddharth et al. [@CR44]), central nervous system (Costa et al. [@CR11]), thyroid and bladder (Steenland et al. [@CR50]). Higher concentrations of dieldrin, heptachlor and heptachlor epoxide have reported to block neurotransmitter in the central nervous system (Narahashi et al. [@CR29]) including brain excitation, headache, confusion, muscle twitching, nausea and seizure (Lee et al. [@CR28]).

Aiba stream provides water for domestic purposes and agricultural use. Physico-chemistry of this aquatic environment has been previously documented by Atobatele and Olutona ([@CR6]). As this area of study is predominantly surrounded by an irrigated farmland along with dumping of domestic waste and other anthropogenic activities, the use of pesticides is prevalent in this area for many years. The populace of Iwo is increasing on daily basis and majority of the inhabitant depends on this stream for their domestic and agricultural use (Olutona et al. [@CR38]). Besides this, it is of equal importance to know the extent of pollution and impact of these pollutants on aquatic organism living in this stream, hence the need to determine the occurrence and distribution of COCs in Aiba stream. This investigation would provide more information on these organic contaminant concentrations on this aquatic ecosystem and on the possible health risk for local population depending on this stream for domestic use and consuming agricultural products emanated from this environment. At present, no data has been reported about the existence of COCs on Aiba stream.

Methods {#Sec2}
=======

Study area {#Sec3}
----------

Aiba stream in Iwo, Osun State, Nigeria (Fig. [1](#Fig1){ref-type="fig"}), is a unique aquatic habitat with its rich planktonic and zooplankton species. The stream provides water for domestic purposes and agricultural use. The area of study is predominantly surrounded by irrigated farmlands on which the use of pesticides is a common practice for many years. Anthropogenic activities on and around the stream is very high. These activities include car wash, domestic washing, spiritual bath, welding, filling station and fishing (Atobatele and Olutona [@CR6]). Beside these, the attendant unsustainable indiscriminate dumping of domestic wastes into the stream has led to the poor water quality.Fig. 1Map showing Aiba stream showing the sampling locations (adapted from Akindele and Liadi [@CR3])

The study column on Aiba stream stretches from water column around the exit point or spillway where reservoir empties itself through water works area and drains through Kuti road, Bowen University road and Oke-Afo to the point of discharge into Oba River en-route Asejire dam (Fig. [1](#Fig1){ref-type="fig"}). Four sampling stations (SS) were identified namely: Water works (SS1) point of discharged water from the reservoir; Kuti area (SS2) runs through the residential area and there was car wash services and a local fish pond in this area; Oweyo area (SS3) is along a major road leading to private university associated with heavy traffic flow, residential and irrigation farmland; and Oke-Afo (SS4) downstream area characterised with dumping of refuse, welding and farmland area.

Sediment sample collection {#Sec4}
--------------------------

Field investigation took place at the peak of the wet season (September and October 2014) and the onset of dry season (December, 2014 and January, 2015). Samples of bottom sediment were collected in triplicates with grab sampler at a depth of 0 to 10 cm at each location. The geo-reference coordinates of the sampling points were obtained with a hand-held GPS Extrex Model. The collected samples were stored in clean aluminium foils and preserved in a refrigerator at about 4 °C prior analyses.

Sample preparation {#Sec5}
------------------

Sediment samples collected at each location were thwarted and made into composite representative samples. The samples were air-dried at ambient temperature on an inert surface in a ventilated cupboard to minimise cross contamination by atmospheric particulates. The dried sediment samples were then crushed and sieved through a 2 mm mesh pore size sieve to eliminate pebbles, large particle size materials and detritus substances.

Apparatus and reagent used {#Sec6}
--------------------------

Dichloromethane and n-hexane were purchased from GFS chemicals, (Inc Colombus, USA); acetone and hydrochloric acid from Park Scientific Ltd. (Northamptom, United Kingdom); Silical gel (silica gel 60, particle size 0.063--0.200 mm, 7--230 mesh) from Lab Tech Chemicals; and Sodium Sulphate from BDH, (England).

Purification of solvents and chemicals {#Sec7}
--------------------------------------

The solvents dichloromethane and n-hexane used for trace organics were triply distilled to obtain pure solvent that precluded all trace organic contaminants. Other materials such as glass wool, anhydrous sodium sulphate and silica gel were all heated in an oven at 105 °C for 1 h. The Whatman filter papers were oven dried to constant weights at 105 °C and cooled in a desiccator.

All glassware and bottles were previously soaked in 10 % nitric acid for 48 h, and then washed thoroughly with liquid detergent, water and thrice with distil water. The apparatus were then rinsed with acetone (95 %) then heated overnight in an oven at temperature of 105 °C prior to use.

In-situ determination of physical and chemical parameters {#Sec8}
---------------------------------------------------------

The pH and electrical conductivity (EC) of the sediment samples were measured in situ using pH Testr water proof digital pH meter and EC Testr 2 dual range water proof digital EC meter. Water absorbency was determined according to the method described by Smith ([@CR46]). The sediment samples were oven-dried to a constant weight at 105 °C. The dried sediment samples were crushed using agate mortar using pestle. Thereafter, 3.0 g of sub-sample was weighed and soaked in water for 24 h. The excess water was drained and the sample re-weighed.

Total organic carbon (TOC) {#Sec9}
--------------------------

The TOC content of sediment samples were determined by weight loss or ignition method. Prior to the gravimetric determination, however, the sediment samples were dried to constant weight at 105 °C overnight to ensure a total removal of moisture. In each case, about 0.5 g of dried sediment samples was weighed into platinum crucible, ashed in a Vecsar muffle furnace model ECF 3 at 500 °C for 1 h. The furnace was allowed to cool, followed by weighing of the ignited sediments. The loss in weight of the residues gave the total organic carbon content. The percent organic carbon content of each sediment sample was calculated using the equation:$$\documentclass[12pt]{minimal}
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Carbonate {#Sec10}
---------

A 0.5 g of dried sediment samples was placed in 25 mL distilled water. The solution was titrated with 0.01 M HCl using methyl red indicator. The carbonate content was calculated as CaCO~3~ total alkalinity.

Extraction of COCs {#Sec11}
------------------

Residues of COCs in the sediments samples were extracted by soxhlet extraction method described in the USEPA method 3540 (1996). Briefly, about 20 g of the \<2 mm sieve size sediment sample were weighed into extraction thimble and placed in soxhlet extractors. The COCs were extracted by refluxing the samples with triply distilled dichloromethane at a temperature of about 40 °C, for about 10 h. The extracts were cooled to room temperature. Thereafter, each of the extracts was concentrated to about 2 mL under a stream of nitrogen gas (99.99 % purity).

Extract cleanup {#Sec12}
---------------

The COCs extracts were cleaned up using column chromatography (USEPA Method 3630C). Glass separating columns (15 cm × 1 cm i.d.) were packed with about 5 g activated silica gel. About 1 g of anhydrous sodium sulphate was placed at the top of each column to de-moisturize the sample extract. Each of the columns was pre-conditioned with 10 mL of n-hexane without the exposure of sodium sulphate layer to air. The samples were then loaded on the column and elution with 2 × 10 mL portion of dichloromethane. The eluate were collected, dried with anhydrous Na~2~SO~4~ and then concentrated to near dryness under stream nitrogen gas.

Identification and quantification of COCs residues by gas chromatography {#Sec13}
------------------------------------------------------------------------

A gas chromatograph (GC--μECD HP GC 5890 series 11) coupled to ^63^Ni electron capture detector was used for the separation, identification and quantification of the COCS residues. The cleaned-up extracts were dried and re-dissolved in 1.0 cm^3^ analar grade n-hexane before injecting 1 μL of the purified extract into the injection port of the gas chromatograph.

Instrument parameters {#Sec14}
=====================

Recovery study {#Sec15}
--------------

Since no standard pesticide reference materials were available to us during the course of this study, recovery analysis was performed in order to ascertain the efficiency of the analytical procedures using standard methods. Recovery study was determined by spiking the previously analysed samples with pesticides standard. The recoveries of the COCs were determined by comparing the peak areas of the COCs after spiking with those obtained from the evaporated standard residue. Calculation of the % recoveries was as follows:$$\documentclass[12pt]{minimal}
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                \begin{document}$$\%\,R = \frac{Conc\;of\;OCPs\;in\;spiked\;sample - Conc.\;of\;OCPs\;in\;unspiked\;sample \times 100}{Conc\;of\;added\;OCPs\;standard}$$\end{document}$$The limits of detection of COCs were determined by multiplying the standard deviation from the three replicates by three.

Statistical analysis {#Sec16}
--------------------

The mean standard deviation for the organochlorine pesticide congeners from duplicate measurements was determined using the Statistical Package for the Social Science (SPSS) software, 15.0 for window evaluation version. Duncan's multiple range tests was used to determine significant differences between means. The linear correlation coefficient of the COCS congeners was determined using the Pearson correlation coefficient. A principal component (PC) analysis was used to predict and identify possible sources of these contaminants by transforming the original set of data into a smaller set of principal components. Each component represents a new set of orthogonal variables that are a linear combination of the original variables. Each of the 18 COCS variables and six physicochemical parameters has a loading for each component, such that loadings reflect the correlation of the compound with that component. Loading equal or greater than 0.71 show that half of the variance in a variable is associated with that component, and this value was used to indicate high loadings of variable on a PC.

Results and discussion {#Sec17}
======================

The result of the physio-chemical properties of the stream sediments are presented in Table [1](#Tab1){ref-type="table"}. The results showed that sediment pH values were not significantly different from one another. The pH values ranged from 6.91 ± 0.00 at Kuti (SS2) to 7.70 ± 0.82 at Oke-Afo (SS4) with mean pH value of (7.12 ± 0.12). This showed that the bed sediment was generally neutral. However, sediments collected from Water Works (SS1) and Kuti water columns were slightly acidic, while those from Oweyo and Oke Afo water columns showed neutral downstream. The pH values were within the natural range (6.8--8.5) for freshwater ecosystem. Electrical conductivity ranged from 19 µS/cm at Kuti (SS2) and 39 µS/cm at Water works (SS1), with a mean value of 22.75 ± 16.69 µS/cm. Electrical conductivity of the sediment decreased downward along the course of the stream. Water absorbency (%) ranged from 27.17 % at Kuti (SS2) and 52.84 % at (Water works (SS1) with mean value of 41.88 ± 15.76 %. Wharfe ([@CR52]) observed that the finer clay/silt particles had a higher water retaining capacity (42--66 % water content) compared to more coarse sediment (28--49 % water content). The water retaining capacity can be important for burrowing invertebrates during periods of exposure (Olomukoro and Azubuike [@CR37]). The water retention capacity observed in this study suggests that the benthic organisms that are bottom feeders would be very scanty in this running water ecosystem.Table 1Physico-chemical properties of stream sedimentLocationCond. (µS/cm)pHCarbonate (mg/L)TOC (%)Temp (°C)Water absorbency (%)SS139.00 ± 33.94^a^6.92 ± 1.04^a^34.00 ± 8.49^a^13.00 ± 4.24^a^26 ± 0.00^a^54.84 ± 19.57^a^SS219.00 ± 5.66^a^6.91 ± 0.00^a^68.00 ± 59.40^a^14.00 ± 0.00^a^26 ± 1.41^a^27.17 ± 0.71^a^SS319.50 ± 3.51^a^7.07 ± 0.22^a^42.00 ± 25.46^a^12.00 ± 2.83^a^26 ± 1.41^a^40.17 ± 23.33^a^SS413.50 ± 2.12^a^7.70 ± 0.82^a^103.00 ± 46.57^a^9.00 ± 1.41^a^25.50 ± 0.71^a^47.33 ± 8.48^a^Mean ± SD*22.75* ± 16.69*7.12* ± 0.59*61.75* ± 41.79*12.00* ± 2.83*25.88* ± 0.83*41.88* ± 15.76Mean with different letter of the alphabet for each column are significantly different at (p \< 0.05) from each other

The organic carbon content ranged from 9 % at Oke-Afo (SS4) to 14 % at Kuti (SS2), with mean value of 12 ± 2.8 %. The organic content in bed sediment was low, which is consequent from large grain size. The study of this parameter is very important due to their implications in contaminant variability. Organic matter present in sediments constitutes a minor but important fraction of sediments (Karapanagioti et al. [@CR26]) since it influences sediment structure (particles layout) which in turn determines the amount and strength of pollutants binding to the sediment (Hellar-Kihampa [@CR21]). The organic carbon content and grain size of sediment influences chlorinated organic compounds; for instance pyrethroid bioavailability and toxicity (Holmes et al. [@CR22]).

Carbonate values (mg/L) ranged from 34 mg/L at Water Works (SS1) to 103 mg/L at Ake-Afo (SS4) with mean value of 61.75 ± 41.79 mg/L. The carbonate contents in bed sediment increased downstream. The high carbonate content, indicate that they have a strong buffering capacity and it is very unlikely that, under natural condition, a significant acidification can be achieved.

Table [2](#Tab2){ref-type="table"} shows the results of retention time, percentage recovery and limit of detection (LOD) of COCs in sediment samples. The retention time (min) ranges from α-BHC (9.66 ± 0.03) to Trans-Pemerthrin (21.60 ± 0.14). The percentage recovery of the eighteen organochlorine compounds ranges from 82.68 to 95.10 % while the LOD values range from 0.03 to 0.61 ppm. These indicated that the separation efficiency of the method for µGC--ECD identification and quantification method was efficient. The standard deviations also show that the reproducibility of the results is satisfactory.Table 2Retention time, % recoveries and LOD valuesPesticideRetention time% RecoveryLOD valuePesticideRetention time% RecoveryLOD valueα-BHC9.66 ± 0.0384.56 ± 4.580.09Dieldrin16.02 ± 0.0783.88 ± 2.380.21β-BHC10.15 ± 0.0995.10 ± 6.700.27Endrin16.43 ± 0.0982.68 ± 6.210.27Lindane10.47 ± 0.0182.69 ± 5.250.03Endosulfan II16.81 ± 0.0886.78 ± 3.990.24δ-BHC10.82 ± 0.1790.34 ± 4.320.51ppDDD17.16 ± 0.1489.78 ± 2.230.42Chlorothalonil11.03 ± 0.0793.55 ± 6.850.21Endosulfan sulfate17.88 ± 0.0589.74 ± 5.120.15Heptachlor11.88 ± 0.0189.78 ± 8.700.03pp DDT18.27 ± 0.0892.75 ± 4.440.24Aldrin12.73 ± 0.0490.56 ± 4.530.12Lambda Cyhalothrine20.76 ± 0.1085.79 ± 5.080.30Heptachlor epoxide (B)14.01 ± 0.2189.43 ± 7.890.61Cis-Permethrin21.24 ± 0.0486.65 ± 3.650.12Endo Sulfan115.27 ± 0.0884.23 ± 4.800.24Trans Permethrin21.60 ± 0.1490.32 ± 4.270.42

The distribution of COCs (µg/g) in sediment samples in all the four locations are presented in Tables [3](#Tab3){ref-type="table"} and [4](#Tab4){ref-type="table"}. A total of eighteen compounds were detected. Nearly all the compounds were detected in each of these locations with the exception of Heptachlor epoxide (B) which was not detected at Kuti (SS2); and endosulfan sulphate and Cis-Permerthrim that were not detected at Kuti (SS2) and Oweyo (SS3) water column. The specific COCs compounds detected in the samples and their concentrations differ markedly, indicating wide spread contamination by these compounds in the stream. The mean concentration of COCs (µg/g) in sediment samples were as follows: α-BHC (0.23 ± 0.20), β-BHC (0.29 ± 0.29), δ-BHC (0.30 ± 0.24), Lindane (6.79 ± 8.60), Chlorothalonil (0.18 ± 0.08), Heptachlor (0.26 ± 0.33), Heptaclor epoxide (0.30 ± 0.40), Aldrin (0.44 ± 0.51), Dieldrin (0.04 ± 0.03), Endrin (0.05 ± 0.04), Endosulfan I (0.35 ± 0.80), Endosulfan II (0.28 ± 0.28), Endosulfan sulphate (0.03 ± 0.05), pp-DDD (0.08 ± 0.13), ppDDT (4.69 ± 8.49), λ-Cyhalothrine (33.85 ± 41.69), Cis-Permethrin (0.77 ± 1.29) and Trans-Permethrin (375.70 ± 689.41).Table 3Levels (µg/g) of organochlorine in bed sediment of Aiba streamLocationα-BHCβ-BHCδ-BHCLindaneChlorothalonilHeptachlorHeptachlor epoxide(B)α-Endo sulfanβ-Endo sulfanEndosulfan sulfate*(a)*SS10.11 ± 0.05^a^0.11 ± 0.09^a^0.09 ± 0.00^a^1.54 ± 1.74^a^0.16 ± 0.00^a^0.10 ± 0.06^a^0.43 ± 0.61^a^0.05 ± 0.00^a^0.06 ± 0.01^a^0.06 ± 0.08^a^SS20.17 ± 0.01^a^0.24 ± 0.07^a,b^0.24 ± 0.22^a,b^1.37 ± 1.87^a^0.09 ± 0.13^a^0.08 ± 0.09^a^Nd1.16 ± 1.61^a^0.45 ± 0.24^a^NdSS30.14 ± 0.06^a^0.10 ± 0.09^a^0.27 ± 0.25^a,b^13.81 ± 16.44^a^0.20 ± 0.01^a^0.23 ± 0.27^a^0.42 ± 0.59^a^0.22 ± 0.27^a^0.49 ± 0.45^a^NdSS40.50 ± 0.29^a^0.69 ± 0.34^b^0.61 ± 0.00^b^10.45 ± 1.11^a^0.25 ± 0.03^a^0.62 ± 0.55^a^0.36 ± 0.42^a^0.03 ± 0.03^a^0.14 ± 0.18^a^0.06 ± 0.08^a^Mean ± SD0.23 ± 0.200.29 ± 0.290.30 ± 0.246.79 ± 8.600.18 ± 0.080.26 ± 0.330.30 ± 0.400.35 ± 0.800.28 ± 0.280.03 ± 0.05LocationAldrinDieldrinEndrinpp-DDDpp-DDTLambda cyhalothrineCis-permethrinTrans permethrin*(b)*SS10.14 ± 0.12^a^0.05 ± 0.00^a^0.04 ± 0.01^a^0.01 ± 0.01^a^1.04 ± 1.23^a^4.57 ± 6.22^a^1.79 ± 1.83^a^54.73 ± 74.17^a^SS20.29 ± 0.28^a^0.07 ± 0.02^a^0.03 ± 0.04^a^0.14 ± 0.20^a^12.58 ± 16.74^a^77.75 ± 66.18^a^Nd102.21 ± 144.55^a^SS30.16 ± 0.17^a^0.24 ± 0.03^a^0.04 ± 0.06^a^0.14 ± 0.19^a^4.74 ± 5.88^a^38.52 ± 31.37^a^Nd359.43 ± 508.32^a^SS41.19 ± 0.42^b^0.03 ± 0.03^a^0.08 ± 0.01^a^0.02 ± 0.02^a^0.40 ± 0.26^a^14.56 ± 20.17^a^1.31 ± 1.85^a^986.41 ± 1392.90^a^Mean ± SD0.44 ± 0.510.04 ± 0.030.05 ± 0.040.08 ± 0.134.69 ± 8.4933.85 ± 41.690.77 ± 1.29375.70 ± 689.41Mean with different letter of the alphabet for each column are significantly different at (p \< 0.05) from each otherTable 4Two tailed correlation coefficient matrix for individual COCsαBHCβBHCLindδBHCChlorHeptAldrinHepEpoxαEndoDieldEndrinβEndoDDDEndoSulDDTλCyhalCisPTransPαBHC1βBHC0.98\*\*1Lind0.280.221δBHC0.72\*0.78\*0.591Chlor0.490.510.3770.6811Hept0.2340.3150.540.72\*0.451Aldrin0.91\*\*0.89\*\*0.110.620.360.351HepEpox0.120.02−0.30−0.200.29−0.270.261αEndo−0.15−0.19−0.22−0.42−0.89\*\*−0.320.01−0.221Dield−0.36−0.27−0.08−0.19−0.72\*−0.04−0.32−0.690.531Endrin0.490.560.710.88\*\*0.690.71\*0.29−0.37−0.62−0.061βEndo−0.26−0.280.610.07−0.410.15−0.33−0.590.460.490.121DDD−0.19−0.29−0.32−0.51−0.59−0.430.020.240.78\*−0.07−0.81\*0.181EndoSul0.520.46−0.120.150.31−0.140.530.69−0.27−0.330.07−0.55−0.241DDT−0.21−0.27−0.28−0.51−0.87\*\*−0.39−0.04−0.150.98\*\*0.41−0.71\*0.400.87\*\*−0.491λCyhal−0.27−0.29−0.24−0.39−0.80\*−0.25−0.09−0.240.94\*\*0.42−0.63−0.480.85\*\*−0.490.96\*\*1CisP0.490.46−0.100.020.28−0.260.310.07−0.30−0.260.17−0.57−0.320.390.29−0.481TransP0.010.090.090.390.290.80\*0.270.09−0.17−0.110.27−0.10−0.04−0.33−0.150.03−0.321

Chlorothalonil, λ-Cyhalothrine, Cis and trans-Permethrin were not detected in Aiba Reservoir in an earlier study of COCs conducted by Olutona et al., ([@CR39]). Literature concerning their presence especially in bed sediments of Nigerian Rivers are scarce and scanty. Recently Sikoki et al. ([@CR45]) reported that, Chlorothalonil; (a non-systemic fungicide) and Pyrethroid pesticides are widely used in offices and residential buildings, agricultural fields, animal and greenhouses. Permethrin on the other hand is used in skin lotion and shampoos as medical treatment of lice and scabies. The higher concentrations of λ-Cyhalothrine (33.85 µg/g), Cis-Permethrin (0.77 µg/g) and *Tans*-Permethrin (375.70 µg/g) detected in this study, showed the presence of not only agrochemicals products, but the inclusion of personal care products arising from domestic wastes dumped into the stream.

Pyrethroids have been promoted, many places around the globe, especially in Nigeria. They have been used for the treatment of bed nets, as an alternative to indoor residual spray of insecticides to prevent malaria spread (Barlow et al. [@CR7]). Global focus on the use of synthetic pyrethroids as an alternative means of rolling back malaria, and the reduction on the reliance on DDT may be the reason for the elevation of the concentrations of pyrethroids compounds recorded in the bed sediment of Aiba stream. Although residues of DDE were not found in all the samples, the mean concentration of DDT was about 60 times higher than that of DDD. Both DDD and DDE are degradation product of DDT (Yanez et al. [@CR55]). The low concentration of pp-DDD, and non-detection of pp-DDE in Aiba stream sediment indicated that, lower degradation of DDT has occurred. This also suggests the likelihood of fresh DDT application, and/or old accumulation of this compound. When switching from one chemical compound to another and perhaps especially when moving away from DDT, it is inescapable that residue of the former will remain for extended period (Yanez et al. [@CR55]). The higher concentration of pp-DDT (4.69 µg/g) found in the sediment of the investigated aquatic environment catchment may be linked with the frequent use or application of agrochemicals, and urban runoff of water abused by dumping of refuse along the water course.

The three isomers of benzene hexachloride (BHC) detected in all locations evaluated in this study were heterogeneously distributed. The trend for all the isomers, revealed an increasing concentrations of α, β and δ BHC isomers downstream along the course of the stream. The γ-isomer of hexa-chlorocyclohexane (HCH) or benzene hexachloride (BHC), lindane had mean concentration of 6.79 ± 8.60 µg/g with higher concentrations observed down the stream, especially at Oweyo (SS3) and Oke-Afo (SS4) water column catchment. This may be due to the use of agricultural pesticides along the course of the river downstream and perhaps sedimentation.

The levels of aldrin obtained in this study ranged from (0.14 µg/g) at Water Works (SS1) to (1.19 µg/g) at Oke-Afo (SS4) with mean value of (0.44 ± 0.51 µg/g), while dieldrin ranged from) 0.03 µg/g) at Oke-Afo (SS4) to (0.24 µg/g) at Oweyo (SS3) with mean value of (0.04 ± 0.03 µg/g). In the environment, aldrin gets converted to Dieldrin, which is more stable. In this study, the concentrations of aldrin and dieldrin were in ratio 10:1, which suggested high persistence of this chemical in the environment. Nollet ([@CR30]) noticed that aldrin strongly adsorbs to sediment particles and remains intact for longer period in the aquatic environment. Furthermore, sunlight and bacteria alter aldrin to dieldrin, degrading them slowly in sediments (ATSDR [@CR1]). Low levels of anthropogenic inputs accounted for high disparity in the concentrations of aldrin and dieldrin detected in this study compared with similar studies carried out by Darko et al. ([@CR13]) and Kuranchie-Mensah et al. ([@CR27]) in Ghana, who reported the concentrations of aldrin and dieldrin in Lake Bosomtwi in Ashanti region as 0.65 and 0.072 µg/kg; 10.98 and 0.313 µg/kg in Weija; and 6.348 and 0.250 µg/kg in Nsawam region of Densu river basin, respectively.

Endrin was detected in all the sampling stations in a similar trend. Endrin once in water strongly adsorbed to sediment thereby removing the chemical from water, and concentrate in sediment (ATSDR [@CR5]). Endrin undergoes photo degradation to endrin aldehyde and endrin ketone (Nollet [@CR30]). The absence of endrin aldehyde and endrin ketone the degradation product of endrin in this study gave indication of fresh input of this compound.

Due to the rapid conversion process of synthetic organochlorine heptachlor to heptachlor epoxide, a major persistent degradation product (heptachlor epoxide) is abundant in the environment. As a result of its hydrophobicity and affinity for organic materials, heptachlor epoxide tends to be associated with particulate matter in aquatic environment, hence their accumulation in the bed sediment (Environment Canada [@CR14]). In this study, the mean concentration of heptachlor epoxide was slightly higher than its parent compound i.e. heptachlor. Adverse biological effects of heptachlor epoxide in bed sediment of fresh water include decreased diversity, reduced abundance, increased mortality and behavioural changes in benthic organisms (Environment Canada [@CR14]).

The observed mean values (µg/g) of two stereoisomers α, β and endosulfan sulphate were 0.35 ± 0.80, 0.28 ± 0.28 and 0.03 ± 0.05, respectively. These stereoisomers, α- and β-with different physical properties are associated with sediment in fresh water ecosystem, while endosulfan sulphate is commonly found in sediments as the product of biotic and abiotic degradation. All three isomers have been reported to be very toxic as parent compound to aquatic habitat especially fish (Pandey et al. [@CR40]). The results showed that the concentration of α- was slightly higher than β, while endosulfan sulphate was low, perhaps as a result of slow formation during the process of degradation, vis-a-viz pH-induced hydrolysis. In slightly alkaline water, hydrolysis is likely to be rapid, while low temperatures significantly reduce the rate of hydrolysis. The neutral pH value of sediment in this study might be a contributing factor to slow degradation of endosulfan to their sulphate. The low sediment temperature obtained in this study might also contribute to low degradation process of isomers of endosulfan to their sulphate. Furthermore, the higher mean values of α-endosulfan isomer might be due to fact that the manufactured technical endosulfan normally contain 67 % α-endosulfan by weight of total endosulfan content while β-endosulfan constitute only 32 % (WHO [@CR53]); and α-endosulfan is thermally stable while its β isomer is unstable and is converted to the α-isomer in the environment (Rice et al. [@CR42]; Hapeman et al. [@CR20]). Idowu et al. ([@CR25]) also observed higher content of α-endosulfan than its β-isomer in river water and sediment of cocoa producing area of Ondo, Nigeria.

Some recent studies on the levels of COCs in the sediment in Nigerian rivers reported are as follows: Northern Nigeria, Okeniyia et al. ([@CR34]) showed that COCs ranged from 0.0008 to 0.285 ppb. In south eastern Nigeria studies of COCs in sediment of Warri River of the Niger Delta, Nigeria ranged from \<LOD −12.60 µg/g (Ezemonye et al. [@CR15]); 0.06--11.9 µg/g dry weight Ezemonye et al. ([@CR16]); the concentrations of target 21 COCs in surface sediment of selected rivers, canals and streams of the Niger Delta ranged from 20 to 313 ng/g with a mean value of 102 ng/g (Olatunbosun et al. [@CR36]). In south western Nigeria studies of COCs in rivers near cocoa producing areas where organochlorine pesticides were predominantly used have been assessed and reported by various authors, Okoya et al. ([@CR35]) reported cis-chlordane (0.03--6.99 µg/g), α-endosulfan (0.03--6.99 µg/g), pp-DDE (0.08--19.04 µg/g) and dieldrin (0.01--7.62 µg/g); (Nd-127.14 mg/kg) Idowu et al. ([@CR25]); (Nd-691.7 ± 5.8 ng/g) Williams ([@CR54]); and (0.0455--5.885 µg/kg) Ibigbami ([@CR24]). Findings in this study significantly differ greatly from findings of COCs concentrations in other river systems recently studied from similar agro-ecological zones in Nigeria. This could be attributed to the use of agrochemical products, dumping of domestic sewage into the stream and the water course running through residential areas. Brigham et al. ([@CR10]) in their studies of trace and organic chemicals in stream-bottom sediments and fish tissues, of Red River, Minnesota, North and South Dakota reported that most of the organochlorine analyzed were not detected in all samples, the DDT metabolites were frequently detected which ranged between 8.9 and 23 ng/g. Philips et al. ([@CR41]) in their studies that aimed to identify mixtures and modified concentrations addition approach to estimate the potential toxicity of COCs and PCBs at 85 streams across the United State reported that the principal components (PC) analysis identified five PCs accounted for 77 % of the total variance in 14 organochlorine compounds in the original data sets. The PC analysis grouped compounds that have similar chemical structure, common origin and similar relation of concentrations to land use. Hellar-Kihampa ([@CR21]) studied pesticides residues in four rivers in Tanzania reported that COCS concentrations ranged from trace (endrin) to 120 ng/l (p,p′ --DDD) in water, and from trace (aldrin) to 132 ng/g-dry weight (p,p′ --DDD) in sediments, and were higher during the dry season. Concentrations of total dichlorodiphenyltrichloroethanes (DDTs) and hexachlorocyclohexanes (HCHs) in surface sediment of Bohai Sea, China ranged widely from 0.24 to 5.67 ng/g (mean 1.36 ± 0.93 ng/g) and 0.16 to 3.17 ng/g (mean 0.83 ± 0.57 ng/g), respectively (Hu et al. [@CR23]).

Correlation analysis {#Sec18}
--------------------

Correlation analysis was performed for COCs by using two tailed Pearson correlation coefficient to determine relationships between individual compounds. Detailed analysis of the data set revealed that there were some significant positive correlations between some components at either p \< 0.01 or p \< 0.05 levels. Similarly, few compounds showed negative correlation both at p \< 0.01 and p \< 0.05 level. α, β-BHC was found to be positively correlated with each other as well as with its δ isomers and with aldrin. δ-BHC was positively correlated with heptachlor and endrin both at p \< 0.05 and p \< 0.01 levels, respectively while heptachlor was positively correlated with endrin at p \< 0.05 level. α-Endosulfan with DDD, DDT and λ-Cyhalothrine both at p \< 0.05 and p \< 0.01 levels. DDD was found to be positively correlated with DDT and both isomers were positively correlated with λ-Cyhalothrine at p \< 0.01 and p \< 0.05 levels. Chlorothalonil was found to be negatively correlated with DDT, α-endosulfan, λ-Cyhalothrine and dieldrin at p \< 0.01 and p \< 0.05 levels. Endrin was also found to be negatively correlated with both DDD and DDT at p \< 0.05 level.

Positive correlations that exhibited among these COCS compounds were an indication that these compounds have a common source of origin and similar environmental behaviour. Moreover, this can also be attributed to the fact that all COCs are related derivatives, and that they are commonly used in agriculture and vector control programmes. Further, since these compounds bind tightly to soil and sediments, this explains their presence even long time after discharge (Pandey et al. [@CR40]). Negative correlation might be attributed to different chemical structures among these compounds.

Principal component analysis {#Sec19}
----------------------------

Distribution pattern of the observed chlorinated organic compounds in this study was investigated using principal component analysis (PCA). This analysis reduced the observed variables down to their principal components while maximizing the variance accounted for in the variables by the components.

The PCA yielded loading of the variables (18 COCs and six physiochemical parameters) onto six components at eigen value (the standardized variance associate with a particular component) greater than 1.0 and this was summarized (Table [5](#Tab5){ref-type="table"}). The six components accounted for a total of 97 % of the total variance in the 24 compounds. All the derivatives of hexachlorobenzene, Chlorothanolil and Endrin had high loadings (\>0.7) in the first component. Carbonate had a high loading of 0.80 followed by pp-DDT with moderate loading of 0.69 in the second component. A plot of PC2 versus PC1 (Fig. [2](#Fig2){ref-type="fig"}) shows useful groupings of COCs and physico chemical parameters determined. Due to the fact that COCs are hydrophobic and non-ionizing organic compounds, the percentage of water absorbency and soil pH might have little association with the COCs. Meanwhile, adsorption of hydrophobic organic pollutants such as COCs is strongly dependent on the soil organic matter content; this might be the like reason for the association between organic carbon and COCS such as dieldrin and β Endosulfan. Soil organic matter may vary from soil to soil in its polarity, elemental composition, aromaticity, condensation, and degree of diagenetic evolution from a loose polymer to condensed coal-like structures (Karapanagioti et al. [@CR26]). Therefore land variations, such as type and age of soil organic matter may affect sorption of non-ionic pesticides.Table 5Component loadings for OCPs and physicochemical parameters of stream sediment dataComponent123456aBHC0.7490.3640.2770.4450.0930.044bBHC0.7630.2740.3120.4250.054−0.114Lind0.359−0.4220.5200.0020.2590.553dBHC0.785−0.1620.5590.0000.065−0.045Chlor0.894−0.211−0.138−0.198−0.1220.208Hept0.500−0.3520.607−0.232−0.345−0.137Aldrin0.6650.5720.3570.280−0.125−0.090HepEpox0.3120.634−0.532−0.3900.0090.155EndoOne−0.7190.4830.4220.2360.072−0.038Dieldrin−0.562−0.3080.3610.2500.223−0.544Endrin0.727−0.5670.3580.0940.109−0.004EndoTwo−0.445−0.3110.666−0.0820.3880.315ppDDD−0.6000.6930.149−0.086−0.1740.309EndoSul0.5880.468−0.3730.0650.386−0.199ppDDT−0.7610.5140.3360.193−0.0190.063Lambda−0.7620.4230.4680.025−0.0980.027CisP0.377−0.003−0.4770.783−0.1120.072TransP0.240−0.1020.429−0.355−0.771−0.146WatAbs0.315−0.689−0.0370.449−0.1830.158Carb0.2460.8040.3810.382−0.017−0.004Temp0.049−0.8760.020−0.2640.330−0.177Cond−0.326−0.464−0.3960.637−0.3040.139pH0.6140.669−0.014−0.2210.337−0.032Org−0.659−0.626−0.0230.3580.1150.001Fig. 2Loadings for the first two PC, from PA of OCP and Physicochemical parameters in stream bottom sediment. *Carb* Carbonate, *HepEpox* Hepthachlor Epoxide (B), *EndoSul* Endosulfan Suphate, *CisP* Cis-Permethrin, *TransP* Trans-Permethrin, *Lind* Lindane, *Hept* Heptachlor, *Chlor* Chlorothanil, *EndoTwo* β-EndoSulfan, *Cond* Conductivity, *WatAbs* Water absorbency, *Temp* Temperature, *Org* Organic carbon, *EndoOne* α-EndoSulfan, *Lambda* Lambda Cyhalothrine

Conclusion {#Sec20}
==========

The study revealed the presence of eighteen organochlorine pesticides compounds at various concentrations in sediment samples of Aiba stream. The high levels of these pesticides were not surprising since these compounds were readily adsorbed to sediment particles. The pesticides detected on Aiba stream may have originated from agricultural activities taking place along the bank of the stream and subsequent runoff of COCs into the water body coupled with indiscriminate dumping of domestic waste by the residents living along the bank of the stream.
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